Based on measurements of energy content in single struts of a complex truss structure, a numerical simtiat ion of truss dynamics was performed using the Direct Dynamic Stiffness Method, Simulation and restits of measurements were in good agreement, cotiming that there are distinct energy-levels for different wave types in the structure. Variations of parameters reveaf a high sensitivity towards sma~differences in the model, which requires averaging over fairly broad frequency intervals to obtain reliable predictions for real structures.
A numerical model of the truss structure shown in Fig. la was employed to study the sensitivity of complex dynamical systems towards small variations in parameters (i.e. fabrication tolerances).
It was used to validate previous measurements [I] and to generalize the findings with respect to other complex structures.
The truss consists of 109 aluminium struts connected at 35 joints. The high number of struts and the strong Figure 1 : a) truss geometry with different sites of excitation , b) construction scheme used for DDSkf simtiations coupling between the different wave types at the joints lead to a high modal density in the weakly damped structure.
In the frequency range of interest (up to 5 kHz), the overall dimensions of the truss are large compared to the typical wavelengths in the order of strut lengths. A Statistical Energy Analysis (SEA) however is not applicable, as the modal density of the subsystems (struts) is too low. Therefore the Direct Dynamic Stiflness Method (DDSM) [2, 3] was used to simulate truss dynamics.
The DDSM is based on a formulation of a frequency dependent dynamic stiffness-matrix for each strut, which describes flexura], longitudinal and torsional vibrations. The elasticity of the joint-strut connections as well as damping w= accounted for by additionally introducing a complex stiffness matrix that represents linear coupling springs for each degree of freedom [4] (cf. Fig, la) . The energies of different wave types were averaged over frequency-bands of 30 Hz to smoothen the resonance peaks and to allow meaningful comparisons.
The simulations confirm that energy levels of different wave types are clearly separated. The energy level of the flexural waves is approx. 10 dB and 30 dB above the energy levels of longitudinal and torsional waves, The similar frequency dependence of the different energy levels suggests a strong coupling between all wave types. The main stopband measured at 3000 Hz is shifted to 2700 Hz in the simulations and is more dominant,. 
INFLUENCE OF SMALL VARIATIONS IN PARAMETERS
To study the sensitivity of the predicted energy levels with respect to small random variations of truss geometry, the strut lenghts were randomly varied. Fig. 3a shows the maximum deviation of the total energy level in a single strut for different averaging frequency bands and different, variations of geometry with respect to the energy level of the ideal geometry.
It is obvious that the differences between two similar structures are less distinct when energy levels are averaged over broader frequency bands. In regard of the surprisingly high sensivity of the truss with respect to small geometrical variations (which are impossible to avoid), a meaningful comparison between numerical simulations and measurements should always be b~ed on average values over broad frequency ranges. A similar sensitivity to small details was noted when other model parameters such as coupling stiffnesses and ..
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mmses of the joints were randomly pertubated [4] , Differences in energy spectra were also observed when first or second order beam theories (Euler-Bernoulli, Rayleigh-Timoshenko) were used to model the beams. This result is unexpected as both theories should yield similar results as long as the wavelengths of flexural vibrations are much longer than the cross-sectional diameter of the beams. This condition is fulfilled for frequencies well over 10 kHz. The observed differences are due to the slightly different dispersion formulas for Euler-Bernoulli and Rayleigh-Tin~osllenko beams (cf Fig. 3b ). For higher frequencies, these differences accumulate and result in large differences in the energy estimates even if averages over broader frequency bands are considered.
